Background: Whole body vibration (WBV) has been reported to exert growth hormone(GH)-releasing effects in healthy subjects. Despite the potential of WBV to positively affect body composition changes via lipolytic effects, few studies have been performed in obese subjects to date. Methods: This study evaluated the acute effects of WBV alone or in combination with squatting plus external load (WBV+S) on serum GH levels and blood lactate concentrations in 7 severely obese women (age 22 8 5 years; BMI 39.9 8 2.9 kg/m 2 ). Results: WBV and WBV+S determined a significant GH increase (mean GH peaks 5.1 8 1.9 ng/ml, p ! 0.001 vs. basal, and 6.5 8 3.7 ng/ml, p ! 0.001 vs. basal, respectively), GH peaks occurring immediately after both exercise sessions. No significant differences were observed between GH peaks and GH net incremental area under the curve (nAUC) after both conditions (p = 0.39 and p = 0.53, respectively), the whole pattern of GH responsiveness being comparable among all the subjects. Lactate concentrations increased after both conditions (mean lactate peaks 2.0 8 0.5 mmol/l, p ! 0.05 vs. basal, and 4.5 8 2.0 mmol/l, p ! 0.001 vs. basal, respectively). The lactate response was significantly higher after WBV+S than after WBV (p ! 0.05). Baseline GH and GH peak values positively correlated to baseline lactate and lactate peak concentrations in both conditions (R 2 = 0.64, p ! 0.001, and R 2 = 0.52, p ! 0.05, respectively). Conclusions: WBV alone stimulates GH release and lactate production in severely obese female subjects, with no additive effect when combined with squatting plus external load. Further additional studies are required to verify the chronic effects of WBV exercise on the GH/IGF-1 system, which could represent a potentially effective approach for weight management in obese subjects.
Introduction
In the last years, whole body vibration (WBV) has been recognized as a useful alternative exercise modality to resistance exercise for its ability in enhancing force and powergenerating capacity in skeletal muscle [1, 2] , increasing bone mass [3, 4] , and improving cardiovascular function [5, 6] .
Even though the effects of vibrations on the endocrine system have been controversially discussed in the literature [7, 8] , most of the studies so far conducted have reported an acute increase in circulating growth hormone (GH) levels in healthy subjects [9] [10] [11] .
As observed with other GH-releasing stimuli (i.e. growth hormone-releasing hormone (GHRH), hexarelin, aerobic exercise, etc.) [12] [13] [14] [15] [16] , administration of two consecutive bouts of WBV interspread by a 2-hour interval is associated with a blunting of GH responsiveness [17] , thus suggesting the existence of a common mechanism underlying stimulation of somatotropic axis. By contrast, we have recently demonstrated that non-voluntary physical exercise (in the form of electrical stimulation of lower limb muscles) was capable to maintain GH responsiveness also after a 2nd bout repeated after a 2-hour interval [18] , thus indicating a different mechanism operating specifically in this experimental setting.
It is well established that in obese subjects both pulsatile spontaneous GH secretion [19] [20] [21] [22] and GH responsiveness to different GH-releasing stimuli are markedly decreased [23] [24] [25] [26] [27] [28] [29] . Furthermore, obesity is also reported to attenuate the GH releasing effects of aerobic exercise [30] . This hyporesponsiveness has been clearly shown to be a consequence of obesity (rather than the cause), since normal GH responses to exercise have been shown to reappear following a consistent period of marked weight loss [31, 32] .
To our knowledge, there are no studies on the acute GH-releasing effect of WBV in obese subjects who could benefit from the well-known lipolytic and anabolic effects of an endogenously stimulated GH release [33, 34] . A recent study by Vissers et al. [35] has suggested that vibration superimposed to static or dynamic exercise requires larger oxygen uptake than conventional exercise modalities in obese and overweight women. Furthermore, animal models have suggested the potential of vibration exercise to reduce adipogenesis [36] , encouraging more studies to understand its potential applications in obese individuals.
Therefore, the aim of the present study was to evaluate the acute effects of WBV alone on GH responses in severely obese females. Since these patients are reported to be hyporesponsive to classical GH-releasing stimuli, the additive effect of a different physical exercise (squatting plus external load) on the WBV-induced GH release was also investigated. None of the subjects had evidence of any chronic illness or musculoskeletal disorder, including endocrine, hepatic, renal, thyroid, hypothalamo-pituitary or cardiac dysfunction, or were taking medications known to interfere with GH secretion. Women were tested during the early follicular phase of the menstrual cycle.
Material and Methods

Subjects
Subjects were asked to be refrained from any strenuous exercise for at least 48 h before each test. The subjects were admitted to the laboratory 1 h before the start of the treatments after an overnight fast (10-14 h); all treatments started between 8.00 and 8.30 AM.
Experimental Procedures
The study has a randomized cross-over design consisting of two different treatments administered in separate days in random order and separated by at least 3 days.
In the WBV treatment (WBV), the subjects remained on a vibrating platform (Nevisys H1 ; RME, Ferrara, Italy) in a static squat position for 72 s. The stimulus was repeated at the same condition for 10 consecutive series with a 50-second rest in between.
In the second group in which WBV was combined with squatting plus external load (WBV+S), the subjects performed 10 consecutive series (separated by 50-second rest) of 12 dynamic squats on the vibrating platform. During this test, subjects carried also an additional external load (contained in a vest, range 18-23 kg) corresponding to 40% of their FFM as assessed by bioelectric impedance analysis (Human-IM scan; DS Medigroup, Milan, Italy) performed early in the morning after an overnight fast.
The whole duration of WBV and WBV+S was 19 min and 30 s. The vertical sinusoidal vibrations produced by the platform were set at a frequency of 30 Hz; the acceleration of the platform was 2.85 g, as assessed with the standing subjects by means of a magnetic monoaxial accelerometer (Vibration Meter, Lutron VB-8200, Taipei, Taiwan).
Blood Sampling and Measurements
Blood samples (5 ml at each time point) were drawn before the start (baseline) and immediately after the end of each treatment session (time = 0 min). The other time points were t = 10 min, t = 30 min and t = 60 min after the end of the experimental session. While the baseline blood sample was obtained by syringe venipuncture, the remaining ones were drawn through an indwelling cannula inserted into an antecubital vein kept patent by flushing with sterile 0.9% sodium chloride solution. All blood samples were centrifuged for 6 min at 4,000 rpm; the sera were separated and immediately stored at -20 ° C until assayed.
GH concentrations were determined by a commercially available immunometric kit (Immulite 2000, DPC, Los Angeles, CA, USA). All samples were run in the same assay to minimize inter-assay variability. Intra-and inter-assay coefficients of variation were 2.5 and 6%, respectively.
A small blood sample (5 l) was obtained from the earlobe for the determination of lactate concentration (carried out by a portable analyzer, Lactate Pro TM , Arkray, Japan) at baseline, immediately at the end of the test, and at 2-min intervals until the detection of the first lactate concentration lower than the peak value. Intra-and inter-assay coefficients of variation were 3 and 7%, respectively.
Statistical Analysis
All parameters were expressed as mean 8 SD. In addition to peak GH values, integrated GH concentration (net incremental area under the curve (nAUC)), including all the time points (from baseline to t = 60 min), was calculated by using the trapezoidal method [37] .
GH and blood lactate responses were evaluated by means of both t-test and ANOVA followed by the Bonferroni's test. Standardized mean difference was evaluated as Cohen's d effect size. Correlations between baseline and peak values of GH and lactate concentrations were calculated by the Pearson Product Moment test. The statistical significance was set at p ! 0.05.
Results
Baseline GH levels and lactate concentrations of patients were comparable at baseline in both treatments (mean GH: 8 SD: WBV = 0.4 8 0.3 ng/ml vs. WBV+S 0.7 8 0.9 ng/ml, p = NS; mean lactate: WBV 1.2 8 0.5 mmol/l vs. WBV+S 1.1 8 0.2 mmol/l, p = NS).
WBV caused a significant increase in GH levels (mean GH peak: 5.1 8 1.9 ng/ml; p ! 0.001 vs. basal). GH peaks occurred immediately at the end of the test, with a progressive reduction and a complete normalization at t = 60 min, as shown in figure 1 (panel A) . No statistically significant differences were found in mean GH concentrations between the baseline and the others time points (t = 10, t = 30 and t = 60 min). Although the GH peaks range was wide (2.7-8.2 ng/ml), the whole pattern of GH responsiveness was comparable among all the subjects.
WBV+S caused a significant increase in GH levels (mean GH peak 6.5 8 3.7 ng/ml, p ! 0.001 vs. basal). Similarly to the results of WBV, GH peaks occurred immediately at the end of the test, with a progressive reduction and a complete normalization at t = 60 min, as reported in figure 1 (panel A) . No statistically significant differences were found in mean GH concentrations between the baseline and the others time points (t = 10, t = 30 and t = 60 min). Although the GH peaks range was wide (2.7-11.9 ng/ml), the whole pattern of GH responsiveness was comparable among all subjects.
No significant differences were observed between mean GH peaks and mean GH nAUCs after both treatments (p = 0.39 and p = 0.53, respectively).
Both WBV and WBV+S caused a significant acute increase in lactate concentrations (mean lactate peaks 2.0 8 0.5 mmol/l, p ! 0.05 vs. basal, and 4.5 8 2.0 mmol/l; p ! 0.001 vs. basal, respectively), the increase being significantly higher after WBV+S (p ! 0.05) as reported in figure 1 (panel B) . Lactate peaks occurred immediately at the end of the tests (t = 0 min).
Baseline GH and GH peak values positively correlated to baseline lactate and lactate peak concentrations both in WBV and WBV+S (R 2 = 0.64, p ! 0.001,, and R 2 = 0.52, p ! 0.05, respectively) as shown in figure 2 . 
Discussion
It is well known that abdominal obesity is associated with decreased spontaneous 24-hour GH release [21, 22] and reduced GH responsiveness to pharmacological stimuli [23] [24] [25] [26] [27] [28] [29] and exercise [30] . The GH hyporesponsiveness of obese subjects restored after significant weight loss, thus suggesting that the obesity-related neuroendocrine alterations are secondary to the obese status and reversible [31, 32] .
Although the matter is controversial, this somatotropic hyporesponsiveness has been attributed to a central (hypothalamic) somatostatin hypertone or GHRH deficiency and/or peripheral factors, including the elevated plasma levels of nonesterified fatty acids (NEFAs) and free IGF-1, previously reported in obese subjects [25, 29, 34] .
As shown by recent studies [9] [10] [11] 17] , WBV exercise is capable to increase GH secretion in healthy individuals, but, to the best of our knowledge, no studies have so far investigated the effects of acute WBV on GH levels in obese subjects.
Indeed, the main finding of this study was the significant WBV-induced increase of GH levels in severely obese females. Although the GH peak range was wide, the whole pattern of GH responsiveness was comparable among all the subjects. It is noteworthy that the GH-releasing effect of WBV in this group of obese subjects was quantitatively comparable to that previously observed by our group in healthy normal-weight subjects receiving the same WBV stimulus (GH peaks 4.3 8 3.5 ng/ml vs. 5.1 8 1.9 ng/ml) [11, 17] .
Differently from other GH-releasing stimuli which are negatively influenced by the BMI degree, these findings seem to suggest the scarce influence of the body mass excess on the WBV-stimulated GH secretion.
Several mechanisms may be hypothesized to explain the occurrence of GH-releasing effect of WBV in severely obese subjects. In this respect, it is tempting to speculate on a direct afferent influence from WBV-stimulated muscles to the hypothalamic neurosecretory and autonomic centers, able to modulate GHRH and somatostatin tone without being influenced by the body mass (e.g., reducing the obesity-related somatostatin hypertone) [40] .
In the present study, the addition of a physical exercise such as squatting plus external load did not further increase GH responses induced by WBV in obese female patients. The lack of any additive GH-releasing effect when WBV was associated to squatting plus external load seems a prerogative of obese subjects, since the combination of WBV and external load was reported to evoke a more pronounced GH peak in normal-weight subjects [10] . Similarly, the combination of maximal voluntary isometric contractions (MVC) with WBV was also associated with significant greater GH responses in healthy normal-weightsubjects [17] , thus indicating that the GH-releasing effect of WBV is not maximal in this experimental setting. These findings in normal-weight subjects, combined with the results of the present study conducted in obese patients, would indicate that high-intensity exercise stimulates GH secretion through neuroendocrine mechanisms different from those of WBV.
The lack of additional effects exerted by squatting plus external load to WBV would support the use of WBV alone in the initial stages of a weight loss program, due to the limited stress upon joints and the GH-mediated stimulation of metabolism (such as lipolytic effect) without provoking an excessive fatigue.
In the present study, a significant increase of lactate concentrations was observed both after WBV alone and WBV+S, the increase being significantly higher after the latter. The positive correlation between serum GH levels and blood lactate concentrations would suggest a potential role of lactate in the mechanism underlying the WBV-induced GH secretion, as already hypothesized in our previous studies in healthy normal-weight subjects [11, 17] . However, the finding of higher blood lactate levels after WBV+S, which stimulated the same GH release like WBV alone, forces us to keep some caution in considering lactate as an univocal determinant of WBV-induced GH secretion [41] .
Some limitations of the present study need to be mentioned. First of all, only serum GH levels were evaluated, disregarding other hormones known to be acutely affected by WBV, such as cortisol. Secondly, the results were obtained in a relatively small number of obese patients, though the limited spread of data should be positively considered.
In conclusion, WBV alone stimulates GH release and lactate production in severely obese female subjects, with no additive effects when combined with squatting plus external load equal to 40% of the subject's fat free mass.
Further long-term studies are mandatory to determine the number of daily/weekly WBV sessions necessary to elicit positive effects on body composition and weight in order to better understand the potential use of WBV as an additional tool for the management of obese subjects.
